We took samples from three typical loess sections (Yulin (YL), Luochuan (LC) and Xunyi (XY) sections) ( Fig. DR1 and Fig. 1 ) in Chinese Loess Plateau. All of the samples for optically stimulated luminescence (OSL) dating were collected by hammering stainless steel tubes into cleaned vertical sections, sealed with black plastic bags to avoid light exposure and moisture loss. In the laboratory (here refer to YL and LC sections, the OSL ages of XY section has been reported by (Stevens et al., 2006 (Stevens et al., , 2008 , see the papers for details.), quartz grains (63-90 m) were purified using routine laboratory protocols, e.g. sediments at each end of the tube were scraped away and used for dose rate and water content measurement. While the light unexposed material in middle part of the tube were treaded with 10% HCl and 30% H 2 O 2 to remove carbonate and organic matter; etched by 40% HF for 40 minutes to remove feldspar grains and re-sieved, checked by the IR-test protocol (Duller, 2003) . They were considered pure enough when natural and regenerated signal ratios of the infrared stimulated luminescence (IRSL) to the blue-light stimulated luminescence (BLSL) were less than 10%. If not, the 40 minutes etching in 40% H 2 SiF 6 was repeated. The isolated quartz grains were mounted on 10 mm diameter steel discs with silicon oil. Luminescence signals were measured on a Risø TL/OSL-DA-20C/D reader fitted with blue-green diodes (λ = 470 ± 30 nm; 40 mW cm -2 ) and IR-LEDs emitting at 875 nm (Bøtter-Jensen et al., 2003) . Luminescence was detected by a 9235QA photomultiplier tube through a 7.5 mm thick U-340 filter.
Sample preparation and laboratory methods
We took samples from three typical loess sections (Yulin (YL), Luochuan (LC) and Xunyi (XY) sections) ( Fig. DR1 and Fig. 1 ) in Chinese Loess Plateau. All of the samples for optically stimulated luminescence (OSL) dating were collected by hammering stainless steel tubes into cleaned vertical sections, sealed with black plastic bags to avoid light exposure and moisture loss. In the laboratory (here refer to YL and LC sections, the OSL ages of XY section has been reported by (Stevens et al., 2006 (Stevens et al., , 2008 , see the papers for details.), quartz grains (63-90 m) were purified using routine laboratory protocols, e.g. sediments at each end of the tube were scraped away and used for dose rate and water content measurement. While the light unexposed material in middle part of the tube were treaded with 10% HCl and 30% H 2 O 2 to remove carbonate and organic matter; etched by 40% HF for 40 minutes to remove feldspar grains and re-sieved, checked by the IR-test protocol (Duller, 2003) . They were considered pure enough when natural and regenerated signal ratios of the infrared stimulated luminescence (IRSL) to the blue-light stimulated luminescence (BLSL) were less than 10%. If not, the 40 minutes etching in 40% H 2 SiF 6 was repeated. The isolated quartz grains were mounted on 10 mm diameter steel discs with silicon oil. Luminescence signals were measured on a Risø TL/OSL-DA-20C/D reader fitted with blue-green diodes (λ = 470 ± 30 nm; 40 mW cm -2 ) and IR-LEDs emitting at 875 nm (Bøtter-Jensen et al., 2003) . Luminescence was detected by a 9235QA photomultiplier tube through a 7.5 mm thick U-340 filter. K were measured by Neutron Activation Analysis (NAA). Average water content of 15 ± 4% was assumed for samples of LC section (Buylaert et al., 2007) while in situ water content (mass of moisture/dry mass (Aitken, 1998) ) was used by weighing the sample before and after drying for samples of YL sections. Using the revised dose rate conversion factors of Adamiec et al. (1998) and water content attenuation factors (Aitken, 1998) ; the elemental concentration was converted into effective dose rate. The calculation was performed using the 'AGE' program of Grün (2009) , which include a calculation of the cosmic ray contribution to the dose rate.
A total of 69 samples have been dated with the OSL technique, 36 ages reported for the first time in this paper are in Table DR1 and Table DR2 , the other ages have been reported (Stevens et al., 2006 (Stevens et al., , 2008 Mason et al., 2009) 
Equivalent dose determination
Equivalent doses (D e ) were determined by using the single-aliquot regenerative-dose (SAR) protocol (Murray and Wintle, 2000) . In order to select an appropriate preheat temperature, preheat plateau tests were conducted for typical samples (LC270cm and LC0cm from LC section, ZBT1.2m from YL section). As shown in Fig. DR2 , a plateau was formed independently temperatures from 180 °C to 260 °C when using the preheat temperatures of 180 °C to 280 °C with a step of 20 °C.
The suitability of the SAR procedure for De determination was checked by 'dose recovery test' (Murray and Wintle, 2003) . It examines the combined function of all the conditions of the protocol, such as preheat temperature, size of test dose. The dose recovery test was performed on two samples (LC270cm for LC section, ZBT1.2m for YL section). After complete bleaching with blue light at room temperature, the eight to twelve aliquots were irradiated with laboratory beta doses (given dose) which approximately equal to their natural dose (De) for each sample; they were then measured by the SAR protocol with a preheat of 220 °C for 10 s for LC samples and 240 °C for 10 s for YL samples. Given laboratory doses (79 Gy for LC270cm and 6.48 Gy for ZBT1.2m) could be reproduced with ratios of 0.96 ± 0.01and 1.00 ± 0.03. Therefore, a preheat temperature of 220 °C (for 10 s) can be selected for LC section and 240°C (for 10 s) for YL section De determination.
Examples of OSL decay curve and growth curve for sample LC0cm and ZBT1.2m were shown in Fig. DR3 . The OSL signal decreases very quickly during the first second stimulation (Fig. DR3) , which indicates the OSL signal at LC and YL is 'fast component' dominant. Recuperation was in all cases negligible (<3%) and for most of the aliquots the recycling ratios fall into the range of 0.9-1.1. A few discs with a recycling ratio falling outside this range were rejected in the final De calculation. Organic carbon stable isotopic composition ( 13 C) of loess in the Loess Plateau is a measure of ratio of soil carbon input from C4 and C3 plants (Lin and Liu, 1992; Zhang et al., 2003; Liu et al., 2055a, b; Vidic and Montañez, 2004; Zhang et al., 2013) . The C4 and C3 plants have different photosynthetic pathways that result in different responses to temperature and moisture. Many modern investigations show that vegetation composition in the Loess Plateau is controlled by the EASM precipitation (Lv et al., 2002; Wang et al., 2003; Rao et al., 2010; Lu et al. 2012; Chen et al., 2013) increasing monsoon precipitation favors C4 grasses that cause the  13 C value to be more positive. Therefore, the  13 C value can be used as proxy indicator of the monsoon strength. We measured the carbon stable isotopic composition of the total organic matter of the YL loess section and the compound-specific values of n-alkanes of samples of LC and XY sections; the YL  13 C data are reported for the first time in this paper, while those from the LC and XY profiles have previously been reported (Zhang et al., 2003) ; but all three are analyzed here for the first time using new independent OSL age constraints. The measurement errors are less than 0.3 ‰, much smaller than the variability in which is greater than  4‰; thus, the data are precise enough to interpret variations as the result of changes in monsoon precipitation. For technical details of the  13 C measurements, see references (Lu et al., 2012) .
MS of the loess in Chinese Loess Plateau has for a long-time been used as a proxy index of the EASM precipitation (Zhou et al., 1990; An et al., 1991; Maher et al., 1994; Maher and Hu, 2006) , in that more humid and warmer climate was associated the strengthened EASM precipitation can enhance formation of magnetic minerals such as magnetite and hematite, and therefore increase the MS. Some studies have used MS to quantitatively reconstruct monsoon precipitation (Maher et al., 1994) , although more investigations needed. We measured MS at all three sections using Bartington Magnetic Susceptibility MS-2 Meter. The MS of YL and LC are reported for the first time in this paper; our current measurement results are similar to the published data at Luochuan (Lu et al., 1999) .
TOC content varies with plant biomass in natural vegetation of the semi-arid monsoon-dominated Chinese Loess Plateau. When the plant biomass was greater, more TOC was accumulated in the soil; on the other hand, a decrease of the TOC is induced by less plant biomass. Because the plant biomass is significantly associated with the EASM monsoon precipitation (Jia and Lin, 1993; Liu et al., 2005a; Lu et al., 2005 Lu et al., , 2012 , therefore, TOC can be used as a proxy index of monsoon precipitation. We measured TOC contents of the YL and LC sections, which covary with the MS (Fig. 2) . In order to statistically analyze correlation coefficients between the proxy indicators of EASM precipitation and insolation, CO 2 , ice volume, Greenland temperature and Antarctic temperature, we normalized all the data series as variability between -1 and +1 (Fig. DR4, DR5 and DR6) . The correlation between the EASM monsoon proxy time series (combined normalized  13 C time series from YL, LC and XY as shown by Fig.  DR4 ) with the CO 2 has a coefficient of 0.734 at the 99% level (2-tailed student-T test) (Table 1) , may suggest a linkage of the two factors. We used the TraCE-21000 modeling to test interpretation of this study. The TraCE-21000 is carried out in a synchronously coupled ocean-atmosphere-sea ice-land surface climate model without flux adjustment -the National Center for Atmospheric Research (NCAR) Community Climate System Model version 3 (CCSM3, Collins et al., 2006) , in the version of T31_gx3v5 resolution (Yeager et al., 2003) . The atmospheric model is the CAM3 with horizontal resolution of about 3.75 ° × 3.75 ° and 26 vertical hybrid coordinate levels. The land model is CLM3 with same resolution as the atmosphere. The ocean model is the NCAR implementation of POP with vertical z-coordinate and 25 levels. The longitudinal resolution is 3.6 degree and the latitudinal resolution is variable, with finer resolution in the equator (~0.9 degrees). The sea ice model is the CSIM with same resolution as the ocean model. The TraCE-21000 was initialized from an earlier LGM equilibrium simulation of CCSM3 (Otto-Bliesner et al., 2006) , with adding dynamic vegetation to reduce the model drift in the deep ocean. The vegetation model is NCAR CLM2 with LPJ long term ecological dynamics. It is initialized in the coupled CCSM3 from the present but spun up at 22 ka for 2000 years to reach its LGM equilibrium. This transient simulation cover the period of 22 ~ 0 ka with realistic changes in boundary conditions and various forcingsthe continental ice sheet and coastlines (Peltier, 2004) , the orbital forcing (only its long-term variation, Berger, 1978) , the green housing gas (GHG, including CO2, CH4 and N2O, Joos and spahni, 2008) forcing and the meltwater forcing , which referring to the reconstructed sea level changes in Peltier, 2004) . The TraCE-21000 captures many major features of the deglacial climate evolution, for example, cooling during Heinrich event 1(H1), abrupt BA warming and cooling in Younger Dryas (YD) (Liu et al., , 2012 .
Annual precipitation values are lower (significant at the 95% level) in the LGM compared to the MH. The simulations show that reduced precipitation during the LGM and increase during the MH are associated with the CO 2 forced high-latitude temperature changes, which may push the ITCZ movements that determine variations of the EASM precipitation at orbital timescales since 21 ka. 
